Introduction
AlGaN/GaN heterostructure field-effect transistors (HFETs) have recently emerged as the attractive transistors suitable for high-temperature and high-power microwave applications. For further improving the device performance, addressing the following problems is essential: (i) reducing the gate leakage current, (ii) decreasing the AlGaN barrier thickness for higher transconductance and higher aspect ratio, and (iii) reducing the ohmic contact resistance.
In this paper, to simultaneously resolve the above problems, we propose a device structure with the following features: (i) metal-insulator-semiconductor (MIS) structure using Al 2 O 3 /Si 3 N 4 bilayer gate insulator, (ii) doped channel for compensating the reduction in the two-dimensional electron gas (2DEG) density that occurs in the HFETs with thin AlGaN barriers, and (iii) regrown ohmic layers for reducing the ohmic contact resistance. Fabricated devices have exhibited attractive performance such as low gate leakage current, high transconductance, high drain current density, and low ohmic contact resistance.
Device Structure and Fabrication
Choice of the gate insulator in MIS structure is most essential since it decisively influences the device characteristics. We have proposed to use a bi-layer gate insulator consisting of Al 2 O 3 and Si 3 N 4 for taking advantage of each insulator [1] , i.e., excellent interface formation between Si 3 N 4 and nitride layers [2] , and larger bandgap energy and larger dielectric constant of Al 2 O 3 [3] . Thus, we used Al2O3 (40 Å)/Si3N4 (10 Å) bilayer film as the gate insulator.
The 
Device Characteristics
The TLM (Transmission Line Measurement) devices with and without regrowth were also fabricated, to examine the effect of regrown ohmic layers on the contact resistance. Figure 2 shows the result of TLM experiment. The contact resistance (R C ) to the 2DEG channel in normal TLM (without regrowth) and regrown TLM devices were estimated to be 0.7 and 0.3 Ωmm, respectively. These values correspond to the specific resistance of 9x10 -6 and 2x10 Figure 4 shows the V g dependence of gate leakage current (I g ). The I g was very low in both reverse and forward V g region. In the reverse V g region, I g was in the order of 10 -8 A/mm. In the forward V g region, it should be noted that low I g less than 10 -4 A/mm was obtained even at V g =3V. 
Summary
As an advanced structure of AlGaN/GaN HFETs, we have proposed and fabricated an HFET with the following structural features: (i) MIS structure using Al 2 O 3 /Si 3 N 4 bilayer insulator, (ii) doped channel, and (iii) regrown ohmic layers. The fabricated devices have exhibited attractive characteristics such as low I g both in the reverse and forward V g region, high g m (280 mS/mm), high I d (1.2 A/mm), and low R c (0.3 Ωmm). Thus, the device structure shown in Fig. 1 is promising as an advanced HFET structure.
